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Abstr a ct
h estim atingdie V eg tation c o ver age･fr oJnND VIOVozn alized Vegetadonh dex, Ro us e et. al. , 1974) orS A VI(Soil
Adjusted Vegetatio nh dex, Hn ete, 19写8)which a m calcdated fr o mthe s atdlite daLta, the veBetado nde nBity within a
pix el affe c( alereSultsL To di min ate th is u ndes u ahle effect, a n opd皿tL皿 V eg 申o ninde x(OPVI)is presented in this
paper ln this m ethod, the v egetadon cov eraBe wi thu each由x el iB Calculatedlro m di e reflectanc c m丘o ofradiarlCeiJ)
T M 5 b皿 dto thatin T M7ba nd, T he n,ifthe rdlectan ce r atio islarger or s mallerthan a criticalvdue, w es electeidler
N D VIoJ' S A VI for calcul 血gthe vegetahoninde7in e achpixel. h th is c 弧 e,the ∝iticalv allle tnuStbe setin advaTICe.
Fo rdet 血 ingthe cri dcalvalu e, the r chtion shipbetw e m vegetation c o y e rage aridthe rd ectan ce ratio are sAldied fro m
die SPeCtral renectance of plintS and soils as aftn ction of r 血' Qfc ov erage ar飽 Of pladltS tO that of s oilsin 血e
labQ ratOry･ Then･the cri dcalvalu eisdeter7ni ed byc o nlpa血 gthe res ults obtahBd byN D Ⅵa nd S A VI･ Com parison of
re sults obtain ed byO P VIm ed10d wi tho sebyboth N D VIaJld S A VI訂 e m adeby u singthe s atellite data collectedin
andaro t mdo asesin 他山im 血 m Dese rtin C hin a血 c ethe v egctado nis ecspectedto v aryo verthe wi dera nged T he･r e sults
sho wthatO P VIgives abetterindic ator Ofa ctt血 v egetatio n c o ve rin an aridare athan singleN D VIo rS A VIalo 且e.
l . IJItr OdtlCtio n
Manyresearchershav epresented o n med10ds for e valu atingthe vegctado nbiom asBSince theimit alstage of r em ote
s en sing te chn ology･ Fro 皿 rem O t e S 也Sing data. how ev er, the qu 皿tit血 ve a rid effice nt e Vall血 onis n ot easy sizIC e
inte r action sbetw 飴 n Ve酢1atio n andele ctro magnetic w av es a m c om plex ･ Plants stro ngly abs orb the bltle a nd red in the
visiblelightthr o ughchlor ophyllwhile exhlbiting a highTeneCta n Ceiinthe71e 鉦infraredpart otltOfthe r ededge(Horler
eLal. ,1 983). These spectrd renecta nc e 血aractem sdcs areh co ntrasttothat ofs oil, whichsho ws gentle chara cteristics
with in the s a m e spectr alradlgeS･
So m e v egetaLt10 nindices utilizi ng thes ereLle ctn 飴 Ofplantsha vebeenpres e ntedLIP tOI1 0W . Amo ng them , ND VI is a
rq)resezltativ eindex a nd m a nyresearch- havepreparedre由o nalorglobalvegetation m aps tLSingthis method･ How ever,
o n e ofthepr oble m sin N D VI is a nin cre as e of errorsin tho se 打eaB Wh 耶 VegCtado nis sparse Such asthos ein aridLaJld
because Ofstr ongi du e nces ofthe renectan cefro mthe backgro u nd soil･ To o verco m e s tl Ch th8defects of N DVI, Hue te
proposed SA VI, which is de s cnbed later in deta1s･ In addidozl tO N D Vl, P VIPen)endlCdaJ
' Vegetado n h de x,
RIChardson and W iege nd, 197 7)and T S A Ⅵqra nsform ed SoilAdjusted Veget血 o nlnde又, Baret and Majo r, 1 989)have
beeJIProposed by other resc w chers ･ Thes eindlCC S,how e v e r, have thedip(l血ltiesin practic alus e sillCe rerLecta TI Cefr o m
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soilm lStbc kno w n. T he abo y ezne 血 o n ed ally egetationindices u S ethe radia ncein the red bandand n 飽 rirLfrared band.
T ie s ele cdon ofthe sam ebadlds is also foIJnd in othe rindices reported, a nd rew algori 血m s use Odl erb皿 dsrot
evaltlation of the vcgetatio皿 . One･ e xcqption isfourld in an indicespzy psed byPickup et d･(1993);they ob minedthe
v egeta血JICO V eT agebased o nthe M S S bands4 a nd 5to exta ct the v egeb tio nindex on the reds oil･ Altho ughthis w as
pra cdcally a m odifiedP VI, theyreported thatbetter re s ults w ere obtain edthanthat calculded fr o mM S S bands5 and 7
in the ca se of the redsoil background･ Theprese ntshldieswi llex amin e se veralvegetatio nindicespr oposedTIP tO t10 W,
a nd devdop and dis ctlS5 allalgoritlmto o verc o ne the defects ofsu chvegetatio nindic u･
2 . Ey All) a(io n of L AItISihg a Vegetatio n lhde x
2.1 Vegetatio nindices(m VI, S AV‥)
T his se cdo n brieny descri bes the sev er al algorithm sproposed in the pa st ro r the ev alu adon of the bio m as s of
y egetation . In C arlie ,studies, the ratio tN,tW e e n the red bandradian ceOi)andn飽 rinfrared band radia ncePJIR)Ii･e ･ RVI
oiatio Vegetation h de x. Pe 耶 On a nd M ille r, 1972). w a sproposed for e valtlating v egeLadondter r e m o vingtheinnu enc e
orthe rene cdo n fro m s oil. Sin ce this m ethod 血ow ed a v erylarge 町rOr, N D VI, which u sesthe r且do lxtw e en 山e
differe nc eaJlds u m ofradia nc e at tw oba nds, w a spr oposed･ T his methodu 丘eS radince at the red ba nd in the Visible part
aJldne arinfrared ba nd. N D VI is derincd by,
N DVI= 過 三&
NI R＋R A
The a∝ nra cy of N DⅥ w as es血 ated by the Baret and Onyot(19 91) - a nd their re s td s ar e show nin Fig･ 1･ IJlthe
figure, the v aria 血 of is olhe for山D Ⅵ and L AJ(Leafareainde xis deh ed asdie CuE mlativ e on e-sidedle af a･% per
un itgrOlnd a rea neaslyCd fro mthe 功 n OPytop tO aPlan e agl V endista nce abo v ethe gro und･ T heto一d L AI is the valtl
e
deter mined at the plan e ofthe soil, Al len, 197 0) a m plotted o ･1 R
- N m c o ordinate as apa 皿 n et r Of L AIand the
rene ct2ul C e Of ba ckgo u ndsoil. T he rencc h Ce tLSCd here w as Calculated by the S AILm od d(Ⅴ血 o cf, 1984), whichis a
rdle c丘on si血t)htion m odels fo rpla ntle ay e s･ W hetlL i l is largcI N DVI is effecdv eind既 forev all n血 g v egetahon
sinc etheisoliJl eS Of ND Ⅵ a nd LAI alm ost o vedap each o血cr as see nin Fig･ 1･ When L AIis sm al l, ho w eyer, e rro r
in c rea se, This deviation is asd bedto the inc re as e Ofthe rdlec丘onfr oJn ba ck p u nds oilwhezI Vegetatio nis spar se,
pardcmirly whe n s oil is 血k･ In th is case ･ the appa m lt V egetatio nindexbe
coJne Surgesin c ethe rene cta ncin thered
baJld islo w. h orderto impr o v ethis sittutio n, P V Iw asproposed byRi dbardso n and Wiegand(1977)as aninde xfor
e valu a血g speu3 eV egetat1 0 n･
r
lbc r ene ctan ce ofs oilvades withthe water co nten(7 etC ･ In di e Visible a nd nea r-infra red
regio nofspectn m,ho wev er,theplotorzd ectBnCeill the n ea r
-infrared again stthatin visiblelightfdls o n ne arthelin e
of directpr oportio n. Theline is cal1ed 血ei B oil line(00rrespondingtheline in ciLS e Of l A I 功･O in Fig1 1), a nd P VIis
derlned bythe h di ぬndistan 任fro mthe s oil lin e･ In this c ase･ itis ne cessary to kn o w the s oil lin ein adva nc etO
IM
thlS Vegetatio nindex･
on the od)er hand, HILete (1 9 *)propos ed S A VIwhich is apphcable forspar se v egetatio n and pracdc ally m odified
N D VI. S AVIcanbe expre s sedas,
s A VI- 蕊 (1･L)･ whe nL-Ll'b (2)
The c on st皿t L(Soiladju sted fa ctor)is introdu cedin o rder to mini mi2e s oilradia n c einflu enc es a nd toproduce
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vegeta丘onis olitleS m o re irLdepende ntofthe s oil backgrot nd(Fig1)･Itcan varyf o m 2 mtOinfinity as aft m cdQ n Of
the canopyde nsily･ IfI; 0,S A V‥is equivalentt oN D VL For vegetadon with int町 m申iate dm sitydiebestadjtLStn 軌ti8
obtained forL=0･51 Fig･ 2sho w sthat the
Llight, and dark 由ils a ndva丘otlSL Al in 加 ence son the variation of SA Vl wi th
L. Asfar a SLislocated nearthe pointwhe re thc char a cte risdGS S Oilcllr VeSforalo w andhighrcfle ctan α sinteq s e c t ea ch
other,itis d均一froJnthefigtLre thatheinde x calc uhted is n otafrected bythe renectance占fs oil,
flow e ve r, die OPtl m um V ahte of L bec o m es s m aller 且SL Al in crc as es. T hisindic atesthatdieinntle n C C Qfsoil decreases
asthe v ege【血 on cov eragein αeases. Further, whe nL=0.5,theisolin e of S A VIco m es nearerlotheisolin e of L Alon
the visible nearinrrared coo rdinEtCthin that ofN D VI･ On the basis ofthese resdt8, ftllete SttgBeStCdthe validty of
S AV I･ W hen the valtl eOf L is O･5,itis d偽rfro mFig. 1(S A Vl)that theisolines areapartfro m ead=hodler m o r etha n
in the ca se ofN DVIinthe area whcr cL Al is highbut 血eis olin es co m e clos erto ea血 other whe nL AI iB S m all. Fro m
the atx)v er es ults.iti8 C OnCludedthatN D VIa nd S AVI(b O,5) 恥 apprOpdate y egetaLtio nhdias when v egetationinde x
ishlghand lovp, respechvely.
2.2 A告emi- e mpirical 皿 Odelofv egetzltiozliJldc x and L AI
The reladon血ips betw ee nVIa nd L A Xobtained fro mthe renecta ncein the red band and neBu
'infrared band, w e r e stロdied
by m a ny r es e archersin thepast, aTld 血eysho w edthat vegetadonindexis gradually saLturad asL A I iJICreaSeS. h order
to rdate the vcgeta血 ninde xto L AI, Ⅵ 血 oefpresenteda scmiーe mPiricalm oder
v l-V I凸 十(Ⅵ g- Ⅵc.)･ 鉄*kvrL叫 . (3)
where, VIgis die Valu e of VI forbaresoilO. Al-1), Vim,the sa 加 abed yalu eforVlbractiお1y 旭 dleS th isli mital町 野S
fbr L 瓜greaterthan 8.0), and K VI, the cod rlCient which de mi ethe slope ofthe rehtioJIShip(eqtdvdezlt tO an
e x血 clio n coerrlCient). Thes eco n st nts y ary widlthe solarirradiance a ndthedistribtldo nofle ay es. The coverage v 血 es
of ⅥE and ⅥglYen byBaretaJld Guyot(199 1), 町 e VIg=0･19 and Ⅵ =0･93 forN D Ⅵa nd areVIg=0･12 aJld Ⅵ =0.77
fo rSAVI. K Vlargelydepends on血e slope of lea v esfro mthe ze nith且ndrangesbetw e a0.7 a nd l･4forN D Vland 0.5
and 1.0forS A VI.It w as Show n 血at血e K VI fo rN D VIis alw ays appro mtely1･4timeslargerthantheK V IinS AVI.
T hey evall nted L Alo neadlizldexthr ollghthe si皿 1latiozl u SiJlg theS Al Lm odel. WhenL Al>3,their res ults 血ow that
dispersionbe co m e slargei皿 a nyindex be a nse of the saturated v egetatio ninde A･ WhenL AId , ho w ev er, 血eyco ncluded
thatS A VI is stlitableinde xforthe evaltlat10 n Ofve,getatio nc ov e r age ･
3 . Expe rim e nts
3 ･1 Spe ctralrenectanc e 血 actedstiα ofv egetationill relado nt o v eEetZI丘oJI C O V erage
Based o n the relatiozIShip betw een the y egetation c ove rage azd spe ctral reLle c血 IC e Obtained in situ spechl
m e as ure nen ts, a n algorithm to es tim ate y egetELio n c ov erage froJnth6 L弧dsat T M data wi u be htroduced･ The
veget adon c ov erage determiTled by photographsin vario usco y e r age･ Theloc ation ofspe ctral m easu re n entB Selected in
al )t nd Hota JI Oasisin so uther npart of T 独Ii皿 akanDesert･ The 5Pe Ctralreflectan ce oftypical v egctadoJIS Observ ed in
van ous v egetatio ncove r ar e Showt)togetherwith 8PC Cb
.A solarirradina cein Fig･ 3 ･ The spcctralreflectBnCe OfTam LZ rL,
saLs oLa coILin a and HaLosta shys c a spz
'
c a, distributed spars elyin a gobi deser((stonydese rt). The retled 皿Cein T M 4,
T M 5, aLld T M 7w av eleng血ba nds are obtain ed fro mthe m e astlre皿 ent Ofspectralrenectance andthen the correlations
betwc c n血ose r ene cta nce r ados and yegetaLtio n 00ve r age are obtained･ Al tho ughdleYegetaho n co v e mge a ndrenectance
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show ahighq rrelado nin a ny w avelength band, partictllarlythe rene cta nc ein T M 5and T M 7 bands sho w thehigher
co rrd 血on wi thyegetado n 00 verage 伊ig, 4). T he r elado nshipbetw 耽 nthe refle cta nce rado betw e enT M 5aJld T M7
and the vegeta tio ncov er age(x: %)ca nbe,E:XPre SS edasfollo w s:
TIN_皇=o.9＋0.01x
T M 7
(4)
As des cribed abo v e･ O P VI(Optim u m Vegetatio nIndex)pr ofK'S ed in this paper calculatesthe v eg ぬ tio nindex using
eldler N D ⅥQrS AVI depending on whether T M 5rr M 7 in eadhpix elis atx)v eo rbelo w the cri也c al v alu e, Fr o m the
rado ofradiaJI C e Of T M 5皿 d T M7 orsatellite data , yeget&tlOn C O Verageis estiznat ed by eqtl adon(4). A criticalyalucis
obtained fro m the v altleS Ofesdm atedc o y erage which is obtain ed fro mthe radian ce r atiobetw een T M 5a nd T M 7 ba nds
o n ea chpix elof L皿ds atdata.
3 ･2 Algori(hn ofthe O P VI
Fig･ 5 sho w 9the vegetatio nindic es of N D Ⅵand S ÅVIa ndthe re瓜e cta n ce of veBeta丘o n as apa n ete r of L AIand
v egeta丘o nco v e mge o nthe red ba nd a nd n e 打inrrared ba nd c oordinate, Red aTld NIR r enecta n ce aB afunctioJI Of each
v eBCtadonc overage swhich obtaiJledin Fig･ 5 ar calsoplotted in thefigurc ･ T heis oliJleS OfS AVl(0.4) and L AI(0.8)
crossea ch other a rotlnd75% ofv egetatio n coye rage･ On the other h nd, the is olin es of N D VI(0,6)a nd LJu(1.6)ar e
parallde a ch other arou nd l 00 %of vegetado nco v e r age･ The res ults suggesl that the cdtic al valtlefor Bel ctinB eidler
N D VIorS AV‥lies am t md 87･5 %whlCh is aninter mediatepointbetw e en 100 %and7 5 %of v egetadon cov e rage.
Fr o mFig･ 5, 1･7 5 in te - s ofthe radianc erati o Or T M 5/T M 7at87.5 % ofv egetahon cov erage,is deter min ed asthe
cntic alvaltl eforO P VI.
Vegetatio Jlindex of O P VI is calcuhtedasfollo w s. First,the radoin radian cebetw e enTM 5 皿d T M7is stlbsdttlted in
equatio n(4)to obtain vegetatio n CO Yerage･ W henthe ra丘oCr M 5/T M 7)ors atellite d2[tais largerthan 1.7 5, N D Ⅵ
(equ atio n1)is adopted a8the izLde x･ On 血e otherhBuld,the rado is s m allerthanl175, S A V I(equatioTI 2)is adopted.
Co n staJltS for N D Ⅵand S A VI in eqtndozl(3) whidh is us ed for evalu a血gfor L AlaTe differe nt. Substitutingthe
constantsin eqtutio n(3), N D VIandS A VIare expressedaBfollo ws:
N D Ⅵ=0･93-0･74c xp(-1･4ksA V rL AI). (5)
sA Ⅵ d .7710,65ecd-ksAV rL Al)･ (6)
Fro meqt nllO n S5 and 6, w e obt血 afollo w 11 g equ atio n validforboth O P V IarLd SAVI:
o p vI - 3-0･7 4･(Q5Sfyi)
1▲4
(7)
Fro m equado n(7), L Al is obtaiJ)edas,
L Al-
T志ゴ1 蕊 ). (8I
- 196-
4. At1 81ysi8 0f s atellite im age
To ex a m i nethe v aJidiq' of O P VIproposed inthis stLldy. the v egetadonis ev alu ated frozn thes atdliteidata c ollectedoyer
the aridarea ar otJZld ぬe HotaEE1 O a si i皿 the sotlthe npartoftheTbkli皿 akaAdes ertin Chin a. This aq 助 CO ntains 血einside
ofthe o asi witha rd 血ydyhighv egetadoJldetnsity, s e･mi des er(wi血dlo w y eg tatioJl density, and dese rt with almost
in the abse n c e Of v egeta tion･ Althotlghthe in situ stF Yey W as n ot PerforJn ed D ndie SaJn eday告 aS O v erpassforthe
Lazldsat,i= 柑S repeatedfiv etim 由 d miJlgthe periodof the end ofs u m m erto Etlb m nin ev eryyearfroJn1991to 1995.
The T M data of LB nds at5(path:14 6,r o w:34)observ edo nJ uly27, 1988w as tJSed for a nalysis･
5. R estlts
h) this study, the v egetadoJI C O Y emge is esd皿ated fro 皿the ratio ofradia ncein T M 5(o thatin T M 7though血e
v喝 etationiJ)dex algod th皿 Sele c血 g either N D VIor S A VI･ JtldgiJlgfr o mthe res ultant v egelado ninde7t m ap aS Show n
in Fig1 6(a. b, c), N D VI is sd∝ted for tno st ofthe pixelsiぴidethe o a8isindicadng ahighv egetatioAdensity･ A re v
pI Xelsfor which S AVI is sdected cozTeSPO ndtothebare S oil iJ15ide thei Oa sis and s m alls cale of desertiried areasI These
results are codlr m ed bythein situ s11Ⅳ ey. ThtlS, W e C O n Cluded the cozI V e ntion alevalu atio nfr o mN D VIalo ne m aycallS e
e rrorsin amixture of 血皿 1a nd a nd bare s oil
,
a tld O P VIproposed in this Studyis effc cdvcfor tn or e aL mtB eVal1血 o11
ofycgetatio nindex, As sho w nin Fig. 6(ち), the y eget atio nindex ofne arly90
'%pixdsi8 C Vahahd froJn N D Ⅵinthe
highy egctation den sityBum due lo irrjgated 血 血md ill spite orthe lo catio百
-
or bol 氾darybetw ee nthe o asis and desert
(fdnge). On the o血erhand, 血e v egeta血 n h dexill m ostPixelsin 血e s cmi desertarea are evalu ated bySAVIas show n
in Fig. 6(c), id i 血ng a 1()w v egetation index- T hllS, Sin cewi de ra nge ofvegetatio ndensityis fotnd,in e valu ated
vegeta丘o nizldex resdtsin lo werthe a mra cyif N D VIalo n eis usedin the oas es andth申pcdpherd a rea. A cc o血 gly,
O P VI is et-r dv eindicatorfor m o nito 血 gthe vegetationin amixtur e ahighand lo w v eg ta丘oELC O V er ageS.
d. Dis cu s siotL
For hrther sttJdie s. ho w ev er,i(is n ∝ 毛SSary tO eX a min8 thc 血 ges in rdle ctadl CC inthose cases wher ethe backgro und
is w et s oilsho witlg alow r encctancc andtypicals oilsin y ario usparts of the Ⅵ′orld. e ･g ･1aterite, whichis apopdzLrs oil
in 血e tr opicalr egio n. Further, effects ofnabral c 狙 Opyupo nthe v egetatio niJld欧 tO be ev aJtJated mllSt be studied
e xperLm e n tal1yin co mpa ns o n with the r cstltsfor a sinBIcled which w as u sed illthis studyfor obtaining the spectral
Tene Cta n C e Ofvegetation･ Itis als o tle CeSSarytOPe血 rn 8XPed皿entS abolltactualc n opy･ h addido n, t o e stim ate die
ac c uracy ofthe aJlalysis restdtsfr o mthe satellite data, itis n ecess ary tO C OJnPareO P Vlresults fro 皿the satellite data
q11皿 dtadv ely with in sittlCOnCl 皿 e ntS 町V eyS Of the bio m ass su ch asL 叫a ndc o v 餌場e Of the vegetatio n･ Rea nuy,
large -size defo res tEtionisbecom lJlgatiss uein tr opic alro re s Lin Solth America a nd So uth EastAsia･ Thesea m z n aybe
a 血 xture ofahlghv eget ationdensity and b貯e s oilrestl ed fr o mdeforestAtioJl･ 汀 N D Ⅵ alo ne
Lis applledto es血 a 血g
the v egetatiozlindexthos e ar ea s,
L We c oul dno t obla mthe results･ Ftlrther, O PVI be co mes 曲 血 ve toinv eshgatethe
desertific atio n, which isbe co 皿 ng atiss uein m a ny aridandsemi
- 血 daqeasin the w o rld･
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